Objective: To record the prevalence of overweight, obesity and hypertension in primary schoolchildren living in one of the poorest regions in Europe and furthermore to identify certain behavioural, lifestyle and physiological parameters associated with body mass index (BMI) and blood pressure (BP). Design: Cross-sectional study. Setting: Nineteen primary schools within the county of Ioannina, Greece. Subjects and methods: Demographic, dietary and physical activity data as well as anthropometrical, BP and cardiorespiratory fitness measurements were obtained from a representative sample of 312 school children (153 boys and 159 girls) attending 5th grade. Inclusion of subjects in the study was voluntary. One-way analysis of variance and multiple linear regression analysis were mainly applied for the evaluation of the tested hypotheses. Results: The prevalence of overweight and obesity was 29.4 and 11.8% for boys and 39.0 and 7.5% for girls. The prevalence of systolic and diastolic hypertension was 28.1 and 7.8% for boys and 26.4 and 17.0% for girls. Furthermore, BMI and BP (systolic and diastolic) were positively related to frequency of fast food meals (rho: þ 0.28, P ¼ 0.033, rho: þ 1.09, P ¼ 0.03 and rho: þ 0.86, P ¼ 0.014, respectively) but negatively to leisure time physical activity (rho: À5.55, P ¼ 0.005, rho: À3.32 Â 10 À2 , Po0.001 and rho: À2.08 Â 10 À2 , Po0.001, respectively). Conclusions: The current study revealed an increased prevalence of overweight, obesity and hypertension among schoolchildren in Ioannina, indicating the need for early preventive measures in one of the less privileged regions of Europe.
Introduction
Many recent reports have indicated that the prevalence of obesity in childhood and adolescence has been increasing worldwide at an alarming rate (Hanley et al., 2000; Chinn and Rona, 2001; Chu, 2001; Flegal et al., 2001; Booth et al., 2003) . According to the US Surgeon General, the number of overweight children has doubled and the number of overweight adolescents has tripled since 1980. Several prospective studies have indicated that in one-third to one-half of cases, depending on the age from which subjects are tracked, obesity tracks from childhood to adulthood, where it becomes associated with an increased risk for all causes of mortality and especially with an increased prevalence of cardiovascular disease (CVD) (Whitaker et al., 1997; Katzmarzyk et al., 2001; Trudeau et al., 2003) . Next to the tracking phenomenon of obesity, the magnitude of other CVD-related risk factors, such as high blood pressure (BP), has been reported to show the same rising tendency (Raitakari et al., 1994; Bao et al., 1995; Muntner et al., 2004) , although other investigators have revealed the opposite trend (McCarron et al., 2001; Watkins et al., 2004) .
Another observation with practical and clinical importance for public health authorities is the fact that CVD risk factors, including obesity and hypertension, are not equally distributed among the overall population. More specifically, several studies conducted in adult population have provided some solid proof of an inverse relationship between the clustering of certain CVD risk factors and socioeconomic level (Tyroler, 1999; Baigi et al., 2002; Pollitt et al., 2005) . However, in children, there is less evidence for the existence of such a relationship, thus requiring wider investigation. Amid these clinical risk factors, hypertension is a prominent one. Furthermore, certain adverse behaviours such as the lack of physical activity and the excessive consumption of fat and salt have been positively related to high BP levels, even among children (Smoak et al., 1987; Rona et al., 1996) . Therefore, recording the prevalence of these risk factors and understanding the interactions of all the parameters related to them is a first crucial step for the development of effective intervention programmes (Manios et al., 2002) .
In Greece, there are limited data regarding the prevalence and trends of childhood obesity and its relation to CVD risk factors, both clinical (i.e. serum lipids, BP, etc.) and behavioural (i.e. diet and physical activity) (Mamalakis and Kafatos, 1996; Krassas et al., 2001b; Magkos et al., 2005) . The determinants of body mass index (BMI) and BP in Greek children and adolescents remain another understudied topic (Mamalakis et al., 2000; Krassas et al., 2001a; Manios et al., 2004) . Furthermore, there are no data at all for the less privileged regions of Greece where the prevalence and trends of these clinical and behavioural CVD risk factors might be expected to be higher.
The aim of the current study was to record the prevalence of overweight and obesity as well as hypertension among 11-year-old primary schoolchildren living in the district area of Ioannina, which is the poorest region of Greece and one of the poorest regions in the European Union. Moreover, the present study aimed at identifying certain behavioural correlates of BMI and BP in these children. These findings can provide some useful guidance to health professionals in order to develop effective intervention programmes for the early prevention of such CVD-related risk factors.
Subjects and methods

Sampling
The current study was conducted within the county of Ioannina, which is located in the wider region of Epirus in the northwestern part of Greece. Epirus is a non-industrialized region with 126 primary schools currently operating, 36 in the city of Ioannina and 90 in its rural surroundings. A total of 8093 pupils are registered to these primary schools with 1380 of these attending 5th grade (11 years old). The sampling procedures took into account the distribution of pupils in urban and rural areas as well as the distribution of schools. School was used as the main sampling unit taking into consideration that 73% of pupils in the region, attend urban schools and 27% of them attend rural schools. From the total number of primary schools in the region a random sample of 19 schools, eight from the city of Ioannina and 11 from its rural surroundings, was selected. A total sample of 312 5th grade pupils (159 girls and 153 boys, participation rate: 96%) volunteered to participate in the study. Before acceptance, children's parents or guardians were fully informed about the objectives and methods of the study and signed a consent form. The study protocol was approved by the Greek Ministry of Education and by the National Educational Institute. Anthropometrical measurements. Body weight was measured using a digital scale (Seca Personal Floor Scale 861) with an accuracy of 7100 g. Subjects were weighed without shoes, in the minimum clothing possible, that is, underwear. Standing height was also measured to the nearest 0.1 cm with the use of a portable commercial stadiometer (Leicester Height Measure). The measurement of height was conducted without shoes and with children keeping their shoulders in a relaxed position, their arms hanging freely and their head aligned in Frankfurt plane. BMI was calculated by dividing weight (kg) by height squared (m 2 ). Participants were classified as 'normal weight', 'overweight' and 'obese', according to the IOTF's age-and sex-specific BMI cutoff points (Cole et al., 2000) .
Data collection
Blood pressure and heart rate measurements. BP was measured in the right arm with the subject seated and quiet after a 5-min rest, using a validated automated sphygmomanometer (Omron M5i Blood Pressure Monitor) (El Assaad et al., 2003) . The estimation of systolic (SBP) and diastolic BP (DBP) by this automated sphygmomanometer relies on the association between the amplitude of oscillations on the arterial wall and BP and on the application of certain complex algorithms (Butani and Morgenstern, 2003) . Different cuff sizes were used for each subject, after the assessment of the mid-upper arm circumference, which preceded BP screening. Two readings were obtained each time with a 2-min interval. If the pressure readings differed by 10 mm Hg, a third measurement was performed. The mean value from these two or three consecutive readings of SBP and DBP taken from each child comprised the average SBP and DBP variable used in the analysis. 'High normal' BP was defined as average SBP and DBP that was X90th and p95th percentile for gender, age and height. Correspondingly, 'systolic and diastolic hypertension' was defined as average SBP and DBP that was495th percentile for gender, age and height (National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents, 2004) . Heart rate (beats per minute) readings were also obtained by the automated device used to assess BP.
Dietary assessment. The 24-h recall technique was used to collect dietary intake information for a total of 3 days, 2 weekdays and 1 day of the weekend, most preferably Sunday. Study participants were asked to describe the type and amount of food, as well as all beverages consumed during the previous day, provided that it was a usual day according to the participant's perception. To improve the accuracy of food descriptions, standard household measures (cups, tablespoons, etc.) and food models were used to define amounts when appropriate. At the end of each interview, the interviewers, who were rigourously trained to minimize interviewer's effect, reviewed the collected food intake data with the respondent in order to clarify entries, servings and possible forgotten foods. Food intake data were analysed using the Nutritionist V diet analysis software (First Databank, San Bruno, CA, USA), which was extensively amended to include traditional Greek recipes, as described in Food Composition Tables of Greek Cooked Foods and Dishes (Trichopoulou, 2004) . Furthermore, the database was updated with nutritional information of processed food provided by independent research institutes, food companies and fast food chains.
The distribution of usual intakes was estimated by using the National Research Council method (National Research Council, 1986; Institute of Medicine Food and Nutrition Board, 2001) , which attempts to remove the effects of day-today variability (within subject) in dietary intakes. More specifically, the equation used for the calculation of adjusted (usual) dietary intake was as follows: adjusted intake ¼½ðsubject 0 smean À groupmeanÞ
Subject's mean refers to each subject's mean dietary intake as obtained by the 3-day dietary recalls. Group mean refers to the studied population's mean dietary intake. s.d. betweenperson refers to the square root of the variance of the distribution of usual intakes, corrected for the effects of the within-subject variability. s.d. observed refers to the square root of variance of the distribution of the reported intakes. Additionally, information on children's weekly consumption of meals consumed in fast food restaurants (frequency of fast food meals) as well as weekly consumption of breakfast meals at home (frequency of breakfast meals) was obtained with the use of a short questionnaire. The questionnaire was completed by the subjects in the presence of a member of the research team, who was there to provide instructions and feedback to any possible query.
Physical activity assessment. Physical activity during leisure time was assessed using a standardized questionnaire completed by the children for 2 consecutive weekdays and 1 weekend day. Reported activities were grouped by a member of the research team into moderate-to-vigorous physical activities (MVPA) (intensity higher than 4 metabolic equivalents) and included activities such as walking, bicycling, rhythmicgymnastics, dancing, basketball, soccer, athletics, tennis, swimming, jumping rope and general participation in active outdoors games. Given the age group, MVPA was defined as continuous physical activities causing sweating and heavy breathing for periods longer than 15 min, but with occasional breaks in intensity, rather than the strict aerobic definition of 20 continuous minutes appropriate for adults. Finally, the total weekdays and weekend time (min/week) spent on sedentary activities and more specifically on TV watching, video games and recreational computer usage was characterized as TV time.
Cardiorespiratory fitness assessment. Cardiorespiratory fitness was estimated indirectly according to the children's performance on the Endurance 20 m shuttle Run Test (ERT) (Committee of Experts on Sports Research, 1988) . The ERT is a field test included in the European battery of physical fitness tests and is recommended by the Committee of Experts on Sports Research for the assessment of cardiorespiratory fitness in school children. During the ERT test, subjects start running at a speed of 8.5 km/h and speed is increased at various stages. The subjects move between two lines at a distance of 20 m, then reversing direction and continuing backwards and forwards in accordance with a pace dictated by a sound signal on an audio tape, which gets progressively faster (0.5 km/h every minute). Each stage of the test is made up of several shuttle runs, but the actual score of the subject is the last half stage fully completed before he/she drops out (the stages are 0.0, 0.5, 1.0, 1.5, 2.0, etc.). The number of shuttle runs that each child completed in the current study was estimated and is referred to as ERT score. The higher the ERT score, the better the cardiovascular function.
Statistical analysis. Values were expressed as mean (Standard Deviation: s.d.) or as proportions (%). A comparison of continuous normally distributed variables was performed using the one-way analysis of variance. The inflation in Type-I error owing to multiple post hoc comparisons was corrected using the Bonferroni rule. For non-normally distributed variables (even though several transformations were made), non-parametric tests (Kruskal-Wallis and Mann-Whitney) were used. Multiple linear regression analysis was performed to assess the effect of several variables (sex, dietary intake, physical activity and cardiorespiratory fitness) on BMI, SBP and DBP.
Statistical analysis was carried out using the SPPS statistical software (version 11.0). In all analyses, a probability level of Po0.05 was used to indicate statistical significance.
Results
According to the data presented in Table 1 , 29.4 and 11.8% of boys and 39.0 and 7.5% of girls were overweight and obese, respectively. Furthermore, 13.7 and 28.1% of boys and 13.8 and 26.4% of girls were diagnosed with borderline high SBP and systolic hypertension, respectively. Similar proportions were observed for children with borderline high DBP and diastolic hypertension, as 17.0 and 7.8% of boys and 11.9 and 17.0% of girls met the diagnosis criteria. Table 2 summarizes the differences among normal weight, overweight and obese subjects on certain dietary, physical activity and fitness indices. Regarding dietary indices, overweight and obese children were found to have significantly higher energy and macronutrients intake, as well as a higher frequency of fast food meals but a lower one of breakfast meals compared to their normal-weight peers (Po0.001).
Regarding physical activity and fitness, overweight children were found to spend less time in MVPA (P ¼ 0.018) and to have a lower ERT score than their normal-weight counterparts (Po0.001).
Tables 3 and 4 illustrate the differences among the three groups of children diagnosed with normal SBP/DBP, high normal SBP/DBP and systolic/diastolic hypertension on certain dietary, physical activity and fitness indices. According to these findings, children with systolic and diastolic hypertension were found to have significantly higher total fat and sodium intake, but lower levels of MVPA compared to children with normal SBP and DBP, respectively (Po0.001). Similar findings regarding total fat, sodium intake and levels of MVPA also applied for children with high normal SBP and DBP when compared to normotensive children. Based on the results derived from the multiple linear regression analysis, BMI was positively related to energy intake (rho: þ 4.60, Po0.001) and TV watching during the weekend (rho: þ 0.21, Po0.001) but inversely to ERT score (rho: À2.48, Po0.001). Both SBP and DBP were positively related to BMI (rho: þ 0.77, Po0.001 and rho: þ 0.61, Po0.001, respectively), fat intake (rho: þ 5.84, P ¼ 0.001 and rho: þ 11.6, Po0.001, respectively) and sodium to potassium intake ratio (rho: þ 59.9, Po0.001 and rho: þ 14.5, P ¼ 0.05, respectively). Furthermore, BMI, SBP and DBP were all positively related to frequency of fast food meals (rho: þ 0.28, P ¼ 0.033, rho: þ 1.09, P ¼ 0.03 and rho: þ 0.86, P ¼ 0.014, respectively) but negatively to leisure time MVPA (rho: À5.55, P ¼ 0.005, rho: À3.32 Â 10 À2 , Po0.001 and rho: À2.08 Â 10 À2 , Po0.001, respectively).
Discussion
The prevalence of adult obesity and hypertension is increasing worldwide both in developed and developing countries (WHO, 2000) . Among developed countries, Greece has one of the highest prevalence rates of these two clinical conditions and this has been attributed to an adoption of a more 'Westernized' lifestyle combined with limited awareness on health issues, poor dietary habits and sedentary lifestyle (Kafatos and Mamalakis, 1993; Voukiklaris et al., 1996; Kafatos and Papoutsakis, 1998; Kafatos et al., 1999) . Similar to adults, children are also adopting adverse physical activity and dietary habits, a trend that indicates an increased risk for early development of CVD risk factors (Manios et al., 2004) .
According to the findings of the current study, the prevalence of overweight (29.4 and 39% for boys and girls, respectively) and obesity (11.8 and 7.5% for boys and girls, respectively) was found to be relatively high. These prevalence rates are higher compared to those reported by other earlier studies conducted among children and adolescents in south (Mamalakis et al., 2000) , central (Manios et al., 2004) and north districts of the Greek territory (Krassas et al., 2001b) , as well as those reported for other developed countries (Chinn and Rona, 2001; Flegal et al., 2001; Ogden et al., 2002; Booth et al., 2003) . Similarly, the prevalence of hypertension was found to be equally high, exceeding the rates reported for respective age groups in Greece (Bouziotas et al., 2004; Papadopoulou-Alataki et al., 2004) and other developed countries (McCarron et al., 2002) . This considerably high prevalence of overweight, obesity and hypertension might be related to the generally low socio-economic level of the overall population in this region, thus providing some indication that what applies in adults (Dalstra et al., 2005; Manios et al., 2005 ) also seems to apply in children. According to recent data provided by the National Statistical Service of Greece, the district of Epirus is one of the poorest regions in Greece and Europe, as the average per capita income has been estimated to come up to 10 289 Euros (General Secretary National Statistical Service of Greece, 2002) . In accordance with our findings are the reports from other developed countries, according to which the prevalence of obesity and hypertension in children is more pronounced in the less privileged segments of the society (Fernandes et al., 2003) . The low socio-economic level of the overall population examined could probably provide an explanation for the aforementioned findings. Several studies have indicated that adverse dietary patterns combined with a trend away from active lifestyle and with reliance on sedentary activities, mainly TV watching, are more common among children of lower socio-economic status (Slyper, 2004; Mo et al., 2005) .
Overweight and obesity is the outcome of a positive energy balance over a long period of time (i.e., higher energy intake vs lower energy expenditure), although there is plenty of recent evidence indicating that energy intake is not strongly related to body fat, particularly when expressed as intake per kg of body weight (Burniat, 2002) . The findings of the current study are in good keeping with several reports indicating higher energy intake and lower levels of MVPA for overweight and obese children, compared to their normalweight counterparts (Nicklas et al., 2003; Manios et al., 2004; Schmidt et al., 2005) . However, in all our subjects, MVPA was found to be considerably low, irrespective of their weight status. These low levels of physical activity could be attributed to the design of the questionnaire used to assess MVPA (i.e. assessment by recall), as it probably missed recording short bursts of activities. In most cases, it is difficult for children to accurately recall and report activities of short duration, that there is no need for them to remember (i.e. several household tasks) (Wareham and Rennie, 1998) . This misreporting could be considered a limitation of the current study.
Regarding hypertension, although energy intake was not found to differentiate significantly in children with normal, high normal BP (both SBP and DBP) and hypertension, total fat and sodium intake were found to be significantly higher for hypertensive children, whereas the opposite trend was observed for potassium intake (Table 3) . These findings are consistent with other studies that have reported higher intakes of the aforementioned micronutrients by hypertensive children (Couch and Daniels, 2005) . Similarly, leisure time MVPA and ERT scores were also found to be significantly lower among hypertensive and children with high normal BP, compared to their normotensive peers. Although these differences cannot provide cause-effect relationships, they do highlight the more unfavourable lifestyle of overweight and hypertensive children compared to normal weight and normotensive children. In order to proceed with a better understanding of obesity and hypertension as well as with the assessment of the variables related to these clinical conditions, a multiple regression analysis was performed. In agreement to other recent studies (Manios et al., 2004; Matheson et al., 2004) , the current analysis revealed a positive association of BMI with energy intake and time devoted to TV watching during the weekend, but an inverse one with ERT score. Regarding SBP and DBP, their positive association found with total fat intake and sodium to potassium intake ratio also confirms other recent findings reporting analogous correlations among children (Couch and Daniels, 2005) . Furthermore, the analysis revealed an inter-relation between SBP and DBP with BMI, whereas leisure time MVPA and frequency of fast food meals were both common predictors of these three clinical indices. All these findings underline the common roots of childhood hypertension as well as obesity, which can be detected within the lifestyle of contemporary Greeks. These finding are in accordance with other studies conducted in children Ribeiro et al., 2004) , suggesting that BP is inversely associated with regular participation in physical activity. Both regular physical activity and restriction of sedentarism have been associated with preferable body weight levels and may prevent an excess increase in BP over time (Kelley, 1999) . The proposed mechanisms for the BP-lowering effects of exercise include several physiological adaptations. Decreases in catecholamines, improved insulin sensitivity and alterations in vasodilators and vasoconstrictors are some of the postulated explanations for the antihypertensive effects of exercise (Kelley, 1999) .
Physical activity during preadolescent and adolescent years diminishes for a variety of reasons. A trend away from active lifestyle and any kind of recreational physical activities is evident, and reliance on sedentary entertainment, including television, video games and computers, is increasing. Although this is true for both sexes, it seems to be more pronounced among girls (Kimm et al., 2000) . Furthermore, during this life stage, children begin to experience a need for autonomy as well as peer approval. The act of eating may shift to a more social event, whereas food choices may become signs of friendship or symbols of independence. Preadolescents and adolescents take increased control of what, when and where they eat and typically consume a greater proportion of their total intake outside the home, usually in convenient stores and fast food restaurants where children of this age often socialize (Kendall and Li, 2005) .
The current study revealed an increased prevalence of obesity and hypertension among children in one of the poorest regions in Europe, suggesting that similar to adults, these CVD risk factors might follow a socio-economic status distribution in children too. These findings indicate that less privileged geographic regions or school districts should be set at the top of the agenda of Public Health Authorities and Ministries of Education when designing and implementing school-based health and nutrition education programmes.
